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ABSTRACT 



Disclosed is a multi-layer plastic structure comprising a 
layer of a polyester composed mainly of ethylene tere- 
phthalate units or butylene terephthalate units and a gas 
barrier layer containing an olefin-vinyl alcohol copoly- 
mer, said two layers being laminated together through a 
layer of a thermoplastic resin adhesive containing ester 
groups and amide groups. 

15 Claims, 2 Drawing Figures. 
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. for the production of a sealed vessel in the form of. a 
MULTI-LAYER PLASTIC LAMINATE bottle or cup. 

STRUCTURE In accordance with one aspect of the present inven- 

tion, there is provided a multi -layer plastic structure 
BACKGROUND OF THE INVENTION 5 comprising a layer of a polyester composed mainly of 
/n r <» ,« * . •'. ■■ ethylene terephthaiate units or butylene terephthal ate 

(1) Field of the Invention units and a gas barrier layer containing an olefin-vinyl 
The present invention relates, to a plasty laminate w . j said two layers being laminated 

structure. More, particularly, the present inventwn re- hCf through a Iayer of a thermoplastic res i n adhe- 

lates to a plastic laminate structure, comprising an ethyl- , Q containing ester ^ s and amide groups , 
ene terephthaiate type or butylene terephthaiate type In accordance with another aspect ;of the present 
polyester layer and a gas.barrier layer of an olefm-vmyl. invention, there is provided a bottle-shaped vessel ob- 
alcohol copolymer, both the- layers being tightly tained by hollow forming of the above-mentioned mul- 
bonded together through an ester-amide type adhesive . ti-layer plastic structure. 

layer. Especially, the present invention relates to a plas- 15 In accordance with still another aspect of the present 
tic laminate structure which is excellent in the combina- invention, there is provided a cup-shaped vessel ob- 
tion of the. gas barrier property, rigidity, interlaminar tained by sheet forming of the above-mentioned multi- 
peel strength and transparency and is valuably used for layer plastic structure. . 

the production of a sealed storage vessel. ^ ■ „„„ ^ ~„ * „^or : 

(2) Description of the Prior Art . 20 BRIEF DESCRIPTION OF THE DRAWINGS 
Since polyethylene terephthaiate is excellent in the FIG. 1 is a view showing the longitudinal section of 

moldability and can be molecularly oriented biaxially, it a biaxially drawn blow-mplded bottle as an embodiment 
is widely used for the production of light-weight plastic of the laminate structure of the present in vention, 
vessels excellent in the impact resistance, rigidity, gas FIG. 2 is an enlarged sectional view illustrating the 
barrier property, light weight and transparency, espe- 25 layer structure of the wall of the barrel of the bottle: 
cially bottles for drinks. However, the gas permeability shown in FIG. 1. 

of this polyester bottle is significantly higher than that DETAILED DESCRIPTION OF THE 

of a glass bottle, and it is said that the shelf-life of the PREFERRED EMBODIMENTS 

polyester bottle is about three months when it is filled 

with a carbonated drink such as cola. 30 Referring to FIG. 1 showing an embodiment of a 

An olefin-vinyl alcohol copolymer such as a saponi- bottle-shaped plastic laminate structure, this vessel 
fied ethylene-vinyl acetate copolymer is known as a comprises.a i barrel l a bottom 2 connected to the lower 
thermoformable resin excellent in the oxygen barrier : cnd^of the barrel, a frustoconical shoulder 3 connected 
property. Furthermore, it is known that this resin canbe „ * the u PP cr c * d °/ * e b f rre j" 1 * a neck 4 connected o 
used in combination with an olefin resin excellent in the 35 the end of the shouWer whiclv^e m^al^ 

moisture resistance for the production of an undrawn or by draw-blowmg of a multi-layer parison de- 

■ . u . , ! ■* scribed m detail hereinafter, 

drawn mu ti-layer plastic vessel . [$ draw . blow , forming:a;p ari.. . 

Proposals have been made as to vessels composed of mechanically drawing the pari- 

a laminate of a polyester, and an olefm-vmy alcohol 4Q ■ ^ ^ vessel :and blowing a „ 

copolymer and it is naturally expected, that this lami- fluid isQn tQ blow . draw the prison in the 

nate will be excellent in the combination of the gas circum f er ential direction. In this bottle, the resin consti- 
barrier property, impact resistance and rigidity. How- . t ^ ^ barrd % {$ moleculariy oriented in the axial 
ever, this laminate has not practically been.used for the . : dircction of the bott ] e an d the circumferential direction 
production of a vessel, especially a biaxially drawn 45 D f the bottle 

blow-molded vessel. The reason is considered to be that Referring to FIG. 2 which is an: enlarged sectional 
a thermoplastic adhesive capable of forming a strong view of ^ wall of fa barrel of this boOk* the wall of 
interlaminar bonding between the polyester and olefin- .. the bottie 0 f ^ embodiment comprises an inner sur- 
vinyl alcohol copolymer has not been found . out. face layer 5 composed of a pol yester; comprisin g^eihyl- 

SUMMARY OF THE INVENTION . , 50 ei^re^alate units as-the, mam recurnng^unks^ an 

. outer surtacelayer 6 composed of the same polyester 
We found that a thermoplastic resin adhesive having and ^ intermediate gas barrier layer 7 containing an 
both the ester group-containing recurring units and olefin-vinyl alcohol copolymer, which is interposed 
amide recurring units in the melted state can tightly be tween the layers 5 and 6. These polyester layers S and; 
bond a polyester layer and an olefin-vinyl alcohol co- 55 £ are tightly bonded to the gas barrier layer 7 through 
polymer layer and this adhesive has an interlaminar layers 8 and 9 of a thermoplastic resin adhesive having 
bonding force which is practically satisfactory in a bo th the ester groups and amide groups, which is de- 
draw-molded vessel formed by draw-blow molding, scribed in detail hereinafter: 

solid phase air-pressure forming or press molding. The present invention is based on the novel finding 

It is therefore a primary object of the present inven- 60 that when a thermoplastic resin containing both the 
tion to provide a plastic laminate structure comprising ester groups and amide groups in the polymer chain is 
an ethylene terephthaiate or butylene terephthaiate type used for heat bonding of a polyethylene terephthaiate . 
polyester layer and an olefin-vinyl alcohol copolymer layer and an olefin-vinyl alcohol copolymer layer,> 
layer, which are tightly bonded to each other. strong and durable bonding is formed between both the 

Another object of the present invention is to provide 65 resin layers, 
a plastic' laminate structure which is excellent in the gas The thermoplastic resin adhesive usecHri the present 
barrier property, impact resistance, rigidity, interlami- invention is characterized by a chemical: structure hav- 
nar peel strength and transparency and is valuably used . irig both the ester group-containing Tecurring units, and 
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amide recurring units. The reasons why this ester-amide 

type adhesive shows a high heat bondability to the fO-R*-CONH-R 3 -CO-J (2) 

above-mentioned two resin layers have not completely t 

been elucidated, but it is believed that this strong bond- wherein R 4 and R 5 each stand for an alkylene group or 

ing can be attained for such reasons as described below. 5 aralkylene group, 

At the heat bonding step, because of the presence of the and a polyester-amide comprising at least one kind of 

ester-amide recurring units, it is considered that the recurring units represented by the following formula: 

resin adhesive forms strong chemical bonds such as _ro— r|-coo— rJ-o— (3) 
hydrogen bonds to the hydroxyl groups in the olefin- 

vinyl alcohol copolymer and the J»P^ 10 whe rein Rl stands for a phenylene group or alkylene 

ylene terephthalate. It is known that a good homogene- *\ al £„ lan ° 

ity or good compatibility is attained between an olefin- ^ f nd f R3 st * nd * fo / an alkylene *"5*pH hv 

vinyl alcohol copolymer and a polyamide (see, for ex- and a least one kind of recurnng units represented by 

ample, Japanese Patent Publication No. 42493/82). Also the following formulae: 

in the heat-bonded interface between the adhesive layer 15 r NH _ R 2_ NH CO-R 6 -Co4- W 

of the present invention and the olefin- vinyl alcohol ~ 

copolymer layer, it is considered that mingling of the ^ 
molecule chains of both the resins is caused and the heat 

bondability between the two resins is improved. Fur- _t_nh-r5— co-}- (5) 

thermore, it is considered that since the thermoplastic 20 

resin adhesive has ester group-containing recurring wherein R 2 stands for an alkylene group, R 6 stands for 

units, also in the heat-bonded interface between the a phenylene group or alkylene group, and R 5 stands for 

thermoplastic resin adhesive and the polyethylene tere- ^ a ikylene group or aralkylene group, 

phthalate layer, good mingling of the molecule chains In the above-mentioned formulae, the phenylene 

of both the resins is caused. Moreover, in view of the 25 g roup m ay be a p-phenylene group or an m-phenylene 

fact that a blend of an olefin-vinyl alcohol copolymer group. As the alkylene group, there can be mentioned 

and a polyamide shows good stretching characteristics alkylene groups having 2 to 12 carbon atoms, especially 

at the draw-forming step, it is considered that occur- ethylene, tetramethylene, hexamethylene and deca- 

rence of bonding fracture or concentration of the stress methylene groups. As the aralkylene group, there can 

is moderated even at the draw-forming step for forma- be mentioned benzylene and xylylene groups. These 

tion of a vessel. groups may be the same or different in the respective 

In the present invention, it is generally important that recurring units, 

the resin adhesive should contain in the molecule chain A po lyester-amide of the type of the general formula 

ester groups at a concentration of 53 to 990 millimoles, ^) ^ obtained, for example, by polycondensing a corre- 

especially 89 to 800 millimoles, per 100 g of the resin sp0 nding bis-ester amide with a corresponding glycol at 

and amide groups at a concentration of 45 to 840 milli- a n jg n temperature in the presence of an ester exchange 

moles, especially 89 to 800 millimoles, per 100 g of the catalyst, as described in Journal of Polymer Science, 61, 

resin. If the amide group concentration is lower than 45 pages 353-359 (1962). 

millimoles per 100 g of the resin, the heat bondability to ^ polyester-amide of the type of the general formula 

the olefin-vinyl alcohol copolymer resin tends to de- (2) is obtained, for example, by polycondensing a corre- 

crease, and if the ester group concentration is lower sponding hydroxyamide acid in the presence of a cata- 

than 53 millimoles per 100 g of the resin, the heat bonda- iyst sucn ^ toluene-sulfonic acid, as described in Jour- 

bility to the polyester tends to decrease. If the ester na j of p 0 i yme r Science, Polymer Chemistry Edition, 

group or amide group concentration is too high, the ^ pa g es 1537-1545 (1976). 

heat bondability or operation adaptability is readily A block polyester amide comprising units of the gen- 
reduced. era l f orm ula (3) and units of the general formula (4) or 
In the adhesive used in the present invention, the ( 5) is obta i ned( f or example, by condensing a corre- 
ester groups and amide groups may be present in one sp0 nding polyester prepolymer with a corresponding 
molecule chain of the resin, or they may be present in 5o nyJon salt Qf ac i d m the presence of a catalyst 
different molecule chains of a polymer blend. Further- $uch ^ a titanium alkoxide, as described in Japanese 
more, a combination of these two modes may be Patent App i icat i on Laid-Open Specifications No. 
adopted. 88428/81 and No. 103221/81. 

. More specifically, in accordance with one embodi- Ifl view of the adaptab iu ty to the heat bonding opera- 
ment of the present invention, a polymer having ester 55 ^ h fa preferred that a po lyester-amide such as men- 
group-containing recurring units and amide recurring tiQned abQve shoukj have a mclting po i nt or How- 
units in one polymer chain, that is, a polyester-amide, is initiating temperature of 1(XT to 280° C, especially 150° 
used as the adhesive resin. tQ 24Q . c FurthenriC . re , it is preferred that the polyes- 
As the polyester-amide there can be mentioned a tcMimide should have a film-forming molecular weight, 
polyester-amide composing recurring units represented ^ especiaUy an [ntTinsic viscosity of at least 0.01 1/g as 
by the following formula: measured at a temperature of 30 a C. in a mixed solvent 

^CO-R 1 -conh-.r2-nhco~r'-COOR. comprising phenol and tetrachloroethane at a weight 

v 3 0 4 (D ratio of 50/50. 

In the polyester-amide of the type of the general 

wherein R 1 stands for a phenylene group or alkylene 65 formula (1) or the polyester-amide block copolymer 

group, and R 2 and R 3 each stand for an alkylene group, comprising the recurring units of the general formula 

a polyester-amide comprising recurring units repre- (3) and the recurring units of the general formula (4), as 

sented by the following formula: the dibasic acid component (HOOC— R 1 — COOH or 
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- HOOC— R^-COOH), there can -be -mentioned tereph- 
ithalic. acid,, isophthalic acid, succinic, acid;, adipic acid, 
• sebacic acid, decane-dicarboxylic acid, dimer acid and 
cyclohexanedicarboxylic acid. As the diol component 
(HOR 3 OH),;. there can be mentioned ; ethylene glycol, 
1,4-butane-diol,- propylene glycol, hexane^iiol, neopen- 
tane glycol, diethylene glycol, triethylene glycol and 
xylylene glycol. As the diamine component (NH2— R- . 
2 — NH2), there can be mentioned -ethylene diamine, 
. tetramethylene diami^ 
methylene diamine and decamethylene diamine. 
As the hydroxycarboxylic acid component (HO— R- 

4 — COOH) in the polyester-amide of thej type of the 
genera] formula (2), there can be mentioned tu-hydrox- 

. ycaproic acid, cu-hydroxycaprylic acid, c^hydroxylau- 
ric acid and p-hydroxyethylbenzene-carboxylic acid. 
As the aminocarboxylic acid component (NH2— R- 

5 — COOH) forming the amide blocks iri the polyester-, 
amide of the formula (2) .or the recurring units of the 
formula (5), there can be mentioned .a>-aminocaproic 
acid, oj-amihbcaprylic acid, coraminocapric acid, a> 
aminoundecylic acid and co-am inolauric acid. 

Instead of .the .above-mentioned homo- or co-polyes-. 
ter-amide, there ma^be -used_a\ble nd ^f at least on e ^ 
homo- or co-polyester and at least one homo- orjso- 
polyaimae^asjh ^adhlSsive^ n lhe _p resent invention. At 
-themel ^mixing of these poly ester and pol yam ide, there 
is a possibility, of formation, of a polyester-polyamide 
block copolymer by the ester exchange •reaction. Of 
course, a blend in which such a block- copolymer is 
formed can be used in the present in vention. The blend- 
ing ratio of the polyester and polyamide is controlled so 
that the abovermeritioned : ester group and; amide group 
concentrations can be attained. Ordinarily, it is pre- 
ferred that the pol yester 'and polyamide be used at^ a 
weight ratio of ftwri Qn/10 10/90^ ' 7" " 

As the polyester in the adhesive, there -can be used: 
; not only a polyester containing ester groups.in the main 



In the present invention, a thermoplastic polyester 
composed mainly :of "ethylene . terephthalate units- or 
butylene terephthalate units, especially apolyester con- 
taining at least 95 mole %_o jLeth ylene terephtha late 
5 units ; :is_used for the polyester layer.; In view of the 
mec hanical properties of the fmal vessel;-ltls J preferred 
that- me polyester should nave'arrintfinsic viscosity p}] 
of 0.06 to 0.18 1/g, especially 0.065 to 0; 14 1/g, as deter- 
mined under the above-mentioned conditions. 
A copolymer comprising un its of an -o lefin such as 



ethylene or propylene and vinyl alcohol iunits. obtained 
'• by saponifying units of a vinyl ester such as vinyl ace- 
tate: is used as the olefin-vinyl alcohol copolymer in the 
present invention. From the viewpoint of the gas barrier 
15 property and: moisture resistance, it is important that the 
olefin-vinyl alcohol copolymer should contain 40 to 80 
mole .%, especially 50 to 75 mole %, of the vinyl alcohol 
. units and the content of the residual .vinyl ester, units 
should be lower than 4 mole %, especially lower than 1 
20 mole %. This olefin-vinyl alcohol ' copolymer has an 
intrinsic viscosity of- 0.07 to 0 17 1/g as measured at a 
temperature of 30° C. in a mixed solvent comprising 
85% by weight of phenol and 15% by weight of water. 
" : This~olefin-vinyl "alcohol "c^"polymer7may "beTuseld 
alone or in the form of a blend with other thermoplastic ; 
resin for the gas barrier layer. As a preferred example of 
the blend, there can be mentioned a blend comprising an 
.... . 0 j^f|^viifyi ale6hdi"cop61ymer;;^ 

weight 1 ; ratio - of from; 95/5 to : 40/60, especially ; from 
30 =90/10 to 50/50. As described in Japanese Patent Publi- 
cation No. 42493/82,. this blend shows; arsmall oxygene 
permeation coefficient comparable to that of the olefin- 
vinyl alcohol copolymer alone and since this blend is. 
excellent in the adaptability to the drawing operation, 
35 the blend is advantageously used for trie; ^production of 
vessels by draw-blow-formirig or drawrsheet-forming: . 
. ..; In the laminate structure of the present: in vention, the 
arrangement of the layers is not "particularly critical so 



far as the ester-amide adhesive (E A) is : interposed : be- 
chain, which is derived from the dibasic acid and diol ^ tW een the polyester (PT) layer: and the olefin-vinyl 
components, described hereinbefore with respecUo the alcohol copolymer (EV) layer; For example, there may 
polyester-amide, but also a polyester containing ester ^ e adopted a five-layer structure of PT/EA/EV- 
groups in the side chains, such as a vinyl ester polymer /EA/PT shown in FIG. 2, a three-layer structure, of 
or an acrylic acid ester polymer. It is preferred th at at PT/EA/EV and a four-layer structure of PT/EA/EV- 
Jeast one thermo plastic cgpcj y^sj^in^ ^Hj^Tat least 50 45 /EA. 



mole^ ^of 'thTglycol co rnj^^ or 
1 ,4-b utane-diol, at least 50 mole %lQtdS J dibasicacid is 
TfirejTijthalig acid flrTf atj'east 1 mole % ofith e dibasic 



The thickness of each; of theaboye^ 
layers is not particularly critical,, but m.prder: to obtain., 
a optimum combination of the gas barrier property, 
impact resistance, - rigidity and interlaminar. ipeeL 
50 strength, it. is ordinarily preferred Jthat tfiie PT: layer be 
thickest, the EA layer be thinned and the EV layer 
should have an intermediate thickness More specifi- 
cally, it is preferred that the PT/EV thickness ratio be 
in the range of from 200/1 to 5/1 and thei PT/EA thick- 



acid component and/or the glycol component is a diba- 
sic aci dJ5ther^han^tereghtha J|c acid^and/qr a g lycol 
otherlhan ethylene Tgl ycofe ^174^m7t"ane^SioJ be used as 
. the^olyeste^c^tain^ the main chain. 

A polymer of :a vinyl; esteri of an organic-acidi especially 
a polymer of a vinyl ester of a. fatty -acid, is -preferred; as 

the polyester containing ester groups in the side chains. 55 ness ratio be in the range of from 150/1 to = 5/1: -The - 
A polyamide derived from the dibasic acid compo- laminate in the form of the final vessel has preferably a 
nent and diamine component described hereinbefore thickness of 50 to 3000 microns, especially 100 to ! 2000 
with respect to the polyester-amide or a polyamide microns. . .. . ^ 

derived from an a)-aminocarboxyhc acid may be used as It is preferred thatthe laminate be forineid by multi- 
the polyamide. . 60 layer co-extrusion. According ^ to thisjro^ 

Tt is especially ^aliphatic "'" " extrusion;- ahce botK'-the resins ; afe^ 



homopolyamide or copolyamide having 3 to 30 amide 
groups on the average per 100 carbon atoms or a blend 
of such homopolyamides or copolyamides be used as 
the polyamide. 

The 1 above-mentioned polyester units. and polyamide 
units are preferably selected also in case of the above- 
mentioned polyester-amide 



condition in the bonding interface bet ween ; both the 
resins., a laminate structure which is especially excellent; 
in the adhesion strength can be obtained. At the multi- 
65 layer co-extrusion step, the polyester, gas barrier resin 
and ester-amide type adhesive are melt-kneaded in l ex- - 
truders for the respective resins, and the melts are ex- 
truded through a multi-layer multi-ply = die in such a 
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positional relation that the ester-amide type adhesive is 
located between the polyester layer and the gas barrier 
resin layer, and the extrudate is formed into a film, a 
sheet, a pipe for a bottle or a preform for a bottle. In 
case of a preform for a bottle, the extruded melt resin 5 
layer laminate pipe is subjected to preliminary blow 
forming into a preform having the mouth and the bot- 
tom in a mold, or the extruded melt multi-layer pipe is 
quenched and then cut into a predetermined length, and 
then both the ends of the resulting pipe having openings 10 
on both the ends are heated and formation of the mouth 
and fusion bonding of the bottom are accomplished by 
compression forming. Thus, a preform for a bottle is 
obtained. 

Formation of the laminate can also be accomplished 15 
by so-called hot pressing, sandwich lamination or extru- 
sion coating. For example, a laminate can be prepared 
by applying the ester-amide type adhesive thinly in the 
form of a molten film, powder, suspension or solution 
between a preformed Film of the polyethylene tere- 20 
phthalate and a preformed film of the olefln-vinyl alco- 
hol copolymer and, if necessary, heating the assembly 
under pressure. According to another method, an inter- 
mediate layer of the olefln-vinyl alcohol copolymer and 
inner and outer layers of the ester-amide type adhesive 25 
are co-extruded between two polyester films, and the 
co-extruded layers are pressed in the state sandwiched 
with the polyester films, whereby a laminate structure is 
obtained. There can also be adopted a method in which 
the ester-amide type adhesive and olefin-vinyl alcohol 30 
copolymer are extrusion-coated in succession on the 
surface of a polyester film and a method in which three 
kinds of preformed films are laminated in the above- 
mentioned order and then subjected to hot compression 
or hot rolling. 35 

For formation of a multi-layer preform, there can also 
be adopted a method in which the ester-amide type 
adhesive and the olefin-vinyl alcohol copolymer are 
injected in succession on the inner or outer surface of a 
bottomed preform composed of polyethylene tere- 40 
phthalate, whereby a preform having a multi-layer 
structure is obtained. 

The laminate structure of the present invention is 
especially valuable for the production of a vessel by 
draw-blow-forming or draw-sheet-forming. For exam- 45 
pie, draw-blow-forming can be performed according to 
known procedures except that the above-mentioned 
multi-layer preform is used. More specifically, the mul- 
ti-layer preform is preliminarily heated at a drawing 
temperature prior to.draw-blowing. The drawing tem- 50 
perature is a temperature lower than the crystallization 
temperature of the used polyester, at which drawing of 
the multi-layer preform is possible. Ordinarily, a tem- 
perature of 75° to 130° C, especially 80° to 110° C, is 
adopted as the drawing temperature. 55 

Draw-blow-forming of the preliminarily heated pre- 
form can be accomplished by known means such as 
sequential draw-blow-forming or simultaneous draw- 
blow-forming. In case of sequential draw-blow- form- 
ing, the preform is mechanically drawn in the axial 60 
direction by a drawing rod under blowing of a fluid at 
a relatively small pressure and is then expanded and 
drawn in the circumferential direction of the vessel 
under blowing of a fluid at a relatively large pressure. In 
case of simultaneous draw-blow-forming, a fluid is 65 
blown at a large pressure from the initial stage to simul- 
taneously effect drawing in the circumferential direc- 
tion and drawing in the axial direction. Drawing of the 



preform in the axial direction can easily be accom- 
plished, for example, by gripping the neck of the pre- 
form by a mold and a mandrel, applying a drawing rod 
on the inner surface of the bottom of the preform and 
stretching the drawing rod. It is preferred that the draw 
ratio in the axial direction of the preform be 1.5 to 2.5 
and the draw ratio in the circumferential direction of 
the preform be 1.7 to 4.0. 

In the barrel of the thus draw-blow-formed vessel, 
the polyethylene terephthalate layer is molecularly 
oriented so that the density (20* C.) of the polyethylene 
terephthalate layer is in the range of from 1.350 to 1.40 
g/cc, and good impact resistance, rigidity and transpar- 
ency desirable for a bottle-shaped vesel can be obtained 
and because of the presence of the olefin-vinyl alcohol 
copolymer layer, an excellent barrier property to gases 
such as oxygen, nitrogen, carbon dioxide gas and fra- 
grance can be obtained. Furthermore, an excellent in- 
terlaminar adhesion can be maintained by dint of the 
interposed ester-amide adhesive. 

In case of sheet forming, the above-mentioned multi- 
layer film or sheet is preliminarily heated at the above- 
mentioned drawing temperature and the heated film or 
sheet is formed into a cup by vacuum forming, air pres- 
sure forming, plug assist forming or press forming. 

The present invention has been described with refer- 
ence to a polyester composed mainly of ethylene tere- 
phthalate units, but it should be understood that the 
present invention can similarly be applied to a polyester 
composed mainly of butylene terephthalate units, which 
is excellent in the mechanical properties, and also in this 
case, the above-mentioned advantages can similarly be 
attained. 

The present invention will now be described in detail 
with reference to the following Examples that by no 
means limit the scope of the invention. 

EXAMPLE 1 

Polyethylene terephthalate (PET) having an intrinsic 
viscosity of 0.085 1/g as measured at 30° C. in a mixed 
solvent comprising phenol and tetrachloroethane at a 
weight ratio of 50/50 was used for the polyester layer, 
an ethylene-vinyl alciohol copolymer (EV-1) having a 
vinyl alcohol content of 69.0 mole %, an ethylene con- 
tent of 30.6 mole % and a residual vinyl acetate content 
of 0.4 mole % was used for the barrier layer, and a resin 
(EA) obtained by melt-mixing and pelletizing an ethyl- 
ene terephthalate/isophthalate copolyester (PET/I) 
having an intrinsic viscosity of 0.088 1/g as measured at 
30° C. in a mixed solvent comprising phenol and tetra- 
chloroethane at a weight ratio of 50/50 and a tereph- 
thalic acid/isophthalic acid charge ratio of 85/15 and a 
caprolactam/hexamethylene diammonium adipate co- 
polymer (nylon 6/nylon 6.6 copolymer; N) having a 
caprolactam concentration of 91 mole % at a mixing 
weight ratio shown in Table 1 was used for the adhesive 
layer. An extruder provided with a screw having a 
dimeter of 50 mm and an effective length of 1300 mm 
was used for extrusion of the polyester layer, an ex- 
truder provided with a screw having a diameter of 30 
mm and an effective length of 750 mm was used for 
extrusion of the adhesive layer, and an extruder pro- 
vided with a screw having a diameter of 38 mm and an 
effective length of 950 mm was used for extrusion of the 
barrier layer. A film having an asymmetric three-layer 
structure of PET layer/EA layer/EV-1 layer and hav- 
ing a total thickness of 520 microns (PET/EA/EV-1 
thickness ratio of 100/3/5) and a width of 300 mm was 
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prepared by using the foregoing three extruders, a 
three-layer feed block adapter, a single manifold T-tyjse 
die and a three-roll film forming and winding machine. 
With respect to the obtained film, the bonding strength 
between ;the PET layer and.EA layer and the bonding 
strength between the EA layer and EV-1 layer were 
measured by a tensile tester (peeling speed of 100 
mm/min). The obtained results are shown in Table 1. 

For comparison, the above-mentioned ' copoly ester 
(PET/I) or: the above-mentioned caprolactam/hex- 
arnethylene diammonium adipate copolymer (N) alone 
was used for the adhesive layer. The obtained results 
are also shown in Table 1. 

TABLE 1 



10 



10 



orinted in the radial direction in the bottom portion. 
The barrel and bottom were very excellent in the trans- 
parency. Rectangular samples having a Width of 10 rrini 
and a length of 30 mm were cut out from the barrel and 
bottom of the cup, arid the bonding strength between 
the PET layer and adhesive layer and the bonding 
strength between the adhesive layer and EV-2 layer 
were measured in the same manner as described in Ex- 
ample 1. The obtained results are shown in Table 2. 

TABLE 2 



Interlaminar Peel Strength 





PET layer/ : 


adhesive layer/ 


Film Adhesive Layer 


. adhesive layer* 


barrier layer** 


I -A PET/I 


oo*** '■ ' 


30 


LB N 


23 • 


oc«* - 


i-C PET/I/N - 95/5 


00 


62 


1-D PET/I/N = 90/10 


. 3420 


" .860 


1-E PET/I/N =* 80/20 


3230 


930 


1-F PET/I/N = 70/30 


3140 


' 1560 


1-G . PET/I/N a 50/50 . 


3020 


2030 


I-H PET/l/N - 30/70, 


. 2060 


2620 


1-1 PET/I/N = 20/80 


1630 


3450 


1-J PET/I/N = 10/90 


930 


3620 


1-K PET/l/N - 5/95 . 


. 53 . 


r... oo*** : . 



Note: 

•bonding sirength between polyester layer and adhesive. layer 
•'bonding strengih between adhesive layer and ethylene- vinyl 
layer .... 
••♦peeling wes impossible 



alcohol copolymer 



EXAMPLE 2 
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The polyethylene terephthalate (PET) used in Exam- 
ple I was used for the polyester layer, an ethylene-vinyl 
alcohol copolymer (EV-2) having a vinyl alcohol con- 
tent of 61.0 mole %, an ethylene content of 38.6 mole % . 
and a residual vinyl, acetate content of 0.4 mole % was 
used for the barrier layer, and the blend of PET- 40 
. /I/N - 70/30 used in Example 1 was used for the adhe- 
sive layer. By using a five-layer feed block, a single 
manifold T-type die and a 5-roIl sheet forming machine 
in addition to the three extruders used in Example 1, a 
sheet having a symmetric' three-resin five-layer struc- s 45 
ture of PET layer/EA layer/EV-2 layer/EA layer/- 
PET layer and having a. total thickness of* 2.07 nun 
(PET/EA/EV-2 thickness ratio of 100/3/5) and a 
width of 400 mm was formed. 

The sheet was quenched so that crystallization was, 50 
not caused in the PET layer [the density (20* C.) of the 
PET layer of the obtained sheet was lower than . 1.339 ... 
g/cm 3 ]. Since the sheet could not be rolled,, the sheet 
was cut. into a length of 1000 mm by a traveling cutter 
just after the forming operation. Then, the obtained 55 
sheet was heated at 100* C. by an infrared ray heater 
and formed into a cup having a flange width of 5 mm, an 
inner opening diameter of 60 mm, an outer bottom di- 
ameter of 40 mm and a height of 80 mm by apiug-assist 
vacuum/air . pressure forming machine. 

The average thickness of the barrel of the obtained 
cup was 0.39 mm and the/density (20 e C) of the PET 
layer of the barrel was 1.35. to 1.365 g/cm 3 . From the 
X-ray diffraction photograph, it was found that crystals 
were highly oriented in the height direction of the cup. 
The average thickness of the bottom was 0.59 mm and" 
the density (20° C.) of the PET layer of the bottom was 
1.35 to 1.362 g/cm 3 , and it was found that crystalswere 



60 



65 



15 



20 



25 



. Sample- 
Coilecting 
Place 


: Peeling 1 
Direction 


Interlaminar Peel Strength 3 
fa A cm width. T-peel) 


. PET layer/ 
adhesive 
layer 3 


./adhesive layer/ . 
T barrier layer^ 


baiTcl 


height direction 


635 


. 522 




of cup. . 






barrel 


circumferential 


682 


'521 




direction of cup 






bottom 


radial direction 


: 1030 


983 



l The height direction of the cup is the direction of the long side of the rectangular 
sample collected from the barrel, and the height direction indicates that the direction . . 
of peeling ot the peeling test was the same as the height direction. 
*The mean value of 10 samples. . 

-'The bonding strength between the PET layer and the adhesive layer; the mean 
value of the outer and inner surface sides of the vessel (cup). in each sample. 
4 The bonding sirength between the adhesive layer and the barrier layer, the mean 
value of the outer and inner surface sides of the vessel (cup) in each sample. 



EXAMPLE 3 

A polyester-amide resin [R> in the above general 
formula (1) stands for a p-phenylene group and R 2 and 
R 3 each stand for a hexamethylene group] having a 
melting point of 264° C. (determined according to the 
differential thermal analysis method at a temperature- 
elevating rate of 10 w CVmin), which was obtained by, 
subjecting : N,N'-bis(p-carboxybetizoyl)hexame- 
thylenediamine and hexane-l,6-diol to ester exchange 
reaction at about 250* C. in the presence of sodium 
tetrabutyltitanate as a catalyst and then carrying out. 
polycondensation at 270* G, was heated and melted at 
280" G, compressed in a hot press and immediately 
quenched to form a film having a thickness of about 50 
microns (this film is designated as *'EA-F M ). 

In the same manner as described above, an amor- 
phous film having a diensity (20° C) of 1.338 g/cm 3 and : 
a thickness of 200 microns was. prepared; in a hot press 
from the polyethylene terephthilate (PET) used in Ex- 
ample I (this film is designated as "PET-F*). 

In the same manner as described above; a film having 
a thickness of 40 microns used prepared (in a hot press 
from the ethylene- vinyl alcohol copolymer haying a 
vinyl alcohol content of 61 mole %, which was used in 
Example 2 (this film is designated as *'EW2F M ). 

These three films were laminated in the order of 
PET-F, EA-F and EV-2F, and the assembly was in- 
serted between Teflon-coated metal plates and placed in 
a hot press maintained at 285 c C. under :a pressureless . 
condition, and a pressure of 5 Kg/cm 2 was applied for 1 ' 
minute and the laminate was quenched to obtain a lami- 
nated film having a thickness of 190 microns. 

With respect to the obtained film, the bonding 
stength between the PET-F and EA-F layers and the 
bonding strength, between the EF-F and/EV-2F layers 
were, measured in the . same manner as described in Ex- 
ample i; The. obtained results are shbwri^ih Table 3. 

The so-obtained laminated film was heated in an oven 
maintained at 100* C; for 2 minutes, and the film, was - 
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subjected to simultaneous biaxial drawing at a drawing 
speed of 100 mm/min by a biaxial drawing machine 
(supplied by Iwamoto Seisakusho K.K.) to obtain a 
drawn film having an area draw ratio of 2. With respect 
to the drawn film, the bonding strength between the 5 
PET-F and EA-F layers and the bonding strength be- 
tween the EF-A and EV-2F layers were measured. The 
obtained results are also shown in Table 3. 



TABLE 3 





Interlaminar Bonding Strength (g/1 cm 




width: T-peel) 


Peeled 


undrawn laminated drawn laminated 


Interface* 


film film 


PET-F/EA-F 


3130 1180 


EA-F/EV-2F 


2960 930 



10 



15 



the interlaminar peel strengths between the PET layer 
and the EA layer, and between the EA layer and the 
EV- 1 layer were measured in the same way as in Exam- 
ple 2. The oxygen permeability of the bottle at 25° C. 
was measured by the gas chromatographic method. The 
results are shown in Table 4. 

For comparison, the oxygen permeability of a biaxi- 
ally stretched PET blow bottle (weight 37 g) obtained 
by the same molding procedure as above using only 
polyethylene terephthalate is also given in Table 4. 

TABLE 4 

Interlaminar peel(**) 
strength (g/1 cm 
width. T peel) 



Note 

* PET-F/EA-F indicates the interface between the polyester layer and adhesive 
layer and EA-F/EV-2F indicates the interface between the adhesive layer and 
echytene-vinyl alcohol copolymer layer. 



Bottle 



EXAMPLE 4 



20 



The same polyethylene terephthalate (PET) and 
ethylene/vinyl alcohol copolymer (EV-1) as used in 
Example I were used as a polyester layer and a gas-bar- 
rier layer. The same polyethylene terephthalate/isoph- 25 
thalate copolyester (PET/I) and caprolactam/hex- 
amethylene diaramonium adipate copolymer (N) as 
used in Example 1 were melt-mixed at a PET/I to N 
weight ratio of 80/20 and pelletized to form a resin 
(EA) which was used as an adhesive layer. 30 

A multilayer pipe extrusion device was constructed 
by connecting the same three extruders as used in Ex- 
ample 1 for the aforesaid layers to a die for a pipe com- 
posed of three-resin five layers through a feed pipe. The 
above layers were extruded from the multilayer pipe 35 
extrusion device. The molten pipe obtained was molded 
into a pipe having both ends opened and having the 
dimensions shown below by means of a pipe molding 
device comprised of a sizing unit, a cooling tank and a 
cutter. 40 

The resulting pipe composed of symmetrical three- 
resin five layers (PET/EA/EV- 1 /E A/PET, PET- 
/EA/EV- 1 = 100/3/5 thickness ratio) had an inside 
diameter of 20.95 mm, an outside diameter of 27 mm, a 
thickness of 3.03 mm, a length of 1 14.6 mm and a weight 45 
of 35.5 g. 

The upper and lower end portions of the resulting 
pipe were re-heated by an infrared heater, and by a 
compression molding method, a threaded mouth por- 
tion and a bottom portion were formed to give a pre- 50 
form. That part of the preform which was other than 
the threaded mouth portion was heated to about 105° C. 
by an infrared heater, and subjected to biaxial stretching 
blow molding to form a bottle having a capacity of 1000 
ml, a body outside diameter of 77.5 mm, a height of 212 55 
mm, and an average body thickness of 0.345 mm. The 
body portion had a circular section, and the bottom of 
the bottle had the shape shown in FIG. 1. The PET 
layer of the body portion had a density of 1.352 to 1.366 
g/cm 3 . The molecular orientation was examined by a 60 
birefringence method. It was consequently found that 
strong molecular orientation existed in the PET layer in 
the direction of the height of the bottle and in the cir- 
cumferential direction. No break was observed in the 
ethylene/vinyl alcohol copolymer layer. Rectangular 65 
specimen having a width of 100 mm and a length of 50 
mm was cut out from the body portion of the bottle in 
the height direction of the bottle. Using the specimens, 



Oxygen 
permeability^*) 
(cc/m 2 • day • atm) 



Adhesive 
PET layer/ layer/ 
adhesive barrier 
layer layer 



PET bottle 
Multilayer 
bottle 



10.2 
1.3 



628 



418 



(♦)Storage conditions were 20* G; humidity \Q0% RH inside the bottle and 55Ct 
RH outside the bottle. 

(•»)The peeling direction is the direction or the height of the bottle. The measure- 
ment was made 20 times both on the outer surface side and the inner surface side as 
in Example 2. and the average of 40 measured values was calculated and detlned as 
the peel strength. 

We claim: 

1. A multi-layer plastic structure comprising a layer 
of a polyester composed mainly of ethylene terephthal- 
ate units or butylene terephthalate units and a gas bar- 
rier layer containing an olefm-vinyl alcohol copolymer, 
said two layers being laminated together through a 
layer of a thermoplastic resin adhesive containing recur- 
ring ester groups and recurring amide groups wherein 
said ester groups are at a concentration of 53-990 milli- 
moles per 100 g of the resin and said amide groups are 
at a concentration of 45 to 840 millimoles per 100 g. of 
the resin. 

2. A hollow-formed vessel composed of a multi-layer 
plastic structure as set forth in claim 1. 

3. A sheet-formed vessel composed of a multi-layer 
plastic structure as set forth in claim 1. 

4. A multi-layer plastic structure as set forth in claim 
1, wherein the thermoplastic layer adhesive contains in 
the polymer chain ester groups at a concentration of 89 
to 800 millimoles per 100 g of the resin and amide 
groups at a concentration of 89 to 800 millimoles per 
100 g of the resin. 

5. A multi-layer plastic structure as set forth in claim 
1, wherein the ratio of the thickness of the polyester 
layer to the gas barrier layer is in the range of from 
200/1 to 5/1 and wherein the thickness ratio of the 
polyester layer to the adhesive layer is in the range of 
from 150/1 to 5/1. 

6. A multi-layer plastic structure as set forth in claim 
1, wherein the thermoplastic resin adhesive has a melt- 
ing point or flow-initiating temperature of 100* to 280" 
C 

7. A multi-layer plastic structure as set forth in claim 
1, wherein the thermoplastic resin adhesive is a polyes- 
ter-amide. 

8. A multi-layer plastic structure as set forth in claim 
7, wherein the polyester-amide comprises recurring 
units represented by the following formula: 



XCO-R'-CONH— R 2 -NHCO— R'-COOR- 



(I) 
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■ • 13 . . .. . 14.. . ; 

wherein R 1 stands for a phenylene. group or alkylene • at a temperature of 30° C. in a mixed solvent comprising 

group, and R 2 and R 3 each stand for an alkylene group. phenol and tetrachloroethane at a weight ratio of 50/50. 

9 A multi-layer plastic structure as set forth in claim 12 A multi-layer plastic structure as set forth in claim 

7, wherein the polyester-amide . comprises recurring i,.wherein. the thermoplastic resin adhesive.is a blend or . 

units represented by the following formula:; . 5 pplyesteKpolyamide, a block . copolymer containing a 

r rt P 4 mNIH P 5 rn jL : polyester and a polyamide at a weight^ratio of from. 

-CONH-R -CO+ (2) 10 /90 to 90/10. .. 

wherein R4 and R 5 each stand.for an alkylene group or J\ A muW-laycr plastic structure as set forth in claim 
aralkylene group 10 wnerein the P°l vester « at least one thermoplastic 

10. A multi-layer plastic structure as set forth in claim copolyester which is the - reaction product of a; diol 
7, wherein the polyester^amide comprises at least one component and a dicarboxyhc acid component wherein " 
recurring unit represented by the following formula: ■ at least 50 mole% of- the diol component is ethylene 

glycol or 1,4-butane diol, at least 50mole% of the dicar- 
4-co— R 1 — COO— R 3 — o^- (3)- 15 boxy lie acid component is terephthalic acid and at least 

1 mole% of the total of the diol component and the 
wherein R 1 stands for a phenylene group or alkylene dicarboxylic acid component is other than terephthalic 
group, and R 3 stands for an alkylene group, . . acid; ethylene glycol and 1,4-butarie diol;; and the poly- 

and at least one recurring unit selected from the group amide is at least one linear aliphatic homopolyamide or 
consisting of units of the following formula: 2Q copolyamide having 3 to 30 amide groups on the aver- 



-f-NH— R 2 — NHCO— R 6 — CO-}- (4) 



age per 100 carbon atoms. 
14. A multi-layer plastic structure as set forth in claim 



an£ j .1, which is a five-layer structure comprised of outer 

' layers of the polyester, an inner layer of the gas barrier 
-fNH— R 5 — co^- (5) 25 l aver and the adhesive layer between each of said outer 

layers and said inner layer. 

wherein R2 stands for an alkylene group, R 6 stands for 15. A multi-layer plastic structure as set forth in claim 
a phenylene group or alkylene group, and R 5 stands for 14, wherein the ratio of the thickness of the polyester 
an alkylene group or aralkylene group. layer to the gas barrier layer is in the range of from 

11. A multi-layer plastic structure as set forth in claim 30 200/1 to 5/1 and wherein the thickness ratio of the 
7 wherein the polyester-amide has a melting point or polyester layer to the adhesive layer is in the range of 
flow-initiating temperature of from 150° to 240° G. and from 150/1 to 5/1. 
has an intrinsic viscosity of at least 0.01 1/g as measured * * * * * 

35 * 
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